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TECHNICAL MEMORANDUM X-73338 

COMPEND I UM OF METEOROLOG I CAL DATA FOR THE 
T ITAN I I I C (AF-777) LAUNCH IN MAY 1975 

I. INTRODUCTION 

This report i s  a compendium of all the meteorological d ~ t a  collected a s  
a function of the joint Marshall Space Flight Center (MSFC)/Langley Research 
Center ( LaRC )/Kennedy Space Center (KSC) rocket exhaust effluent prediction 
and monitoring program for the Titan I11 C (AF-777) launch from pad 40 a t  
Kennedy Space Center a t  1004 EDT on May 20, 1975. The data in this com- 
pendium were collected largely to support the MSFC diffusion predictions for 
the dep!oyment of LaRC/KSC monitoring sites. The joint solid rocket motor ex- 
haust prediction (MSFC) and measurement (LaRC and KSC) program evolved 
in 1972 utilizing the Titan ~ n d  Delta launches a s  a source for empirical informa- 
tion that can be employed to more accurately predict the environmental effects 
of planned Space Shuttle operations. 

These data a r e  archived both a s  an aid in postlaunch analysis and 
because they represent a unique set  of atmospheric soundings with high temporal 
resolution. Included in the report a r e  the synoptic charts, surface observations, 
wind tower measurements, and raw insonde, windsonde, and Jimsphere sound- 
ings made during this period. No attempt is made to analyzc any of the data 
presented in this document. 

i 

1 1 .  DATA 
\ 

I 

The tlntn :Ire listed in Appendices A through G ;  page numbers for 
specific data nrc. given in the Tnblc of Contents. The dates, times, and sources 
of the data a r c  listed in Table 1. 

The synoptic charts a r c  from the ser ics  published weekly by the 
National Occnnographic and A tmosphcric Administration (NOAA). Thc surface I 

data nre  from thc Cape Canavcrnl Air Force Station (location shown as  KSC 
meteorological station in Ipipyre 1). 



ON 20 MAY 1975 AT 1004 EDT (14042) 

Data Type 

Synoptic Charts 
b 

C 
Surface Observations 

Raw insonde 

W indsonde 

Jimsphere 

Tetroon 

Tower Data 

Date 

May 1975 

19 
20 
2 1 

20.21 

19 
19 

4 19 
2 0 
20 
20 
20 
2 0 
2 0 
2 1 

20 

19 
19 
2 0 
20 

19 
2 0 
2 0 
20 

i n *  20 

Time 

EDT 

0800 
0800 
0800 

158 (20 May) to 
058 (21 May) 

0730 
1015 
1957 
0057 
0 157 
0457 
0657 
1005 
1157 
0 lOFj  

0457 

2 157 
2257 
0427 
0657 

1007 
0 135 
0756 
1107 

330 ( 19 May) to 
730 (20 May) 

T-26 hr ,  4 rnin 
T- 2 hr ,  4 rnin 
T t21  hr ,  56 rnin 

T- 8 hr,  6 min tc 
T t  14 h r  , 54 rnin 

T-26 hr,  34 rnin 
T-23 hr ,  49 rnin 
T-14 hr, 7 rnin 
T- 9 h r ,  7 m i n  
T- 8 hr,  7 rnin 
T- 5 hr, 7 rnin 
T- 3 hr,  7 rnin 
T t  1 min 
T +  1 hr,  53 rnin 
T+15 hr,  1 rnin 

T- 5 hr ,  7 rnin 

T-12 hr,  7 rnin 
T-11 hr, 7 rnin 
T- 5 hr,  37 rnin 
T- 3 hr,  7 rnin 

T-23 hr ,  57 rnin 
T- 8 hr,  29 min 
T- 2 hr ,  8 rnin 
T+ 1 hr, 3 rnin 

T-10 hr ,  34 m i n k  
T+ 7 hr,  26 rnin 

Source - 
NOAA 
NOAA 
NOAA 

NOAA 

USAF 
USAF 
USAF 
USAF 
USA F 
USAF 
USAF 
USA F 
USAF 
USAF 

USAF 

USA F 
USA F 
USA F 
USA F 

USA F 
USAF 
USAF 
USAF 

USAF 

a 
Relative to launch time; for cxample, 100fi EDT = T t 2  min. 

Charts for  surface and 500 mb; also included a r e  precipitation and maximum 
and minimum temperatures for  the preceding 24-hour period. 

C 
Location of the base station for upper a i r  .and surface observation8 and 
towers is illustrated in Figure 1. 
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The rawinsonde runs were made with an AMQ-9 radiosonde (Fig. 2) 
using the GMD-4 rather than the NOAA J005B radiosonde system. The tempera- 
ture and humidity sensor data are  transmitted ten times per minute in the AMQ-9 
by a clock-actuated switch rather than the aneroid barometer switch used in the ! 

.- 

NOAA radiosonde. Both systems measure azimuth and elevation with the direc- 
tional receiver in the GMD. A transponder in the AMQ-9 is  used to obtain the i 
slant range to the radiosonde, enabling the calculation of altitude. The pressure 
is  then calculated according to the hypsometric equation. The equations used in 
the computer program to calculate various thermodynamic quantities from the 

I 

, i 
basic altitude, temperature, and relative humidity data a re  given in Appendix H. 

The windsonde measures ~ulerian'wind direction and speed a s  a function 
of altitude and is similar to the raw insonde (AMQ-9) except that it does not 
have temperature and humidity sensors. 

The Jimsphere wind sensor (Fig. 3) is a silvered spherical 2-meter 
diameter superprcssurc balloon with large, irregularly spaced external rough- 
ness elements. The roughness elements effectively decrease random vortex 
shedding, o r  aerodynamic noise, associated with a smooth balloon operating in 
a supercritica! Reynolds number regime. Thus, the Jimsphere balloon follows 
small-scale wind motions with high accuracy. The Eulerian wind profile obtained 
by precision tracking of a Jimsphere balloon has resolution of less than 100 
meters. 

Because it Is envisioned that use of the rawinsonr?e, windsonde, and 
Jimsphere data will be restricted to studies of the stabillzed Space Shuttle 
rocket hooster cloud, a;. altitude limit of (i. H km (20 000 ft) was chosen. All 
data beyond that altitude are  not included in this report. The excluded data a re  
archived at MSFC and a r e  available. 

A tetrahedral balloon (tetroon) with 3 volume of 1 m3 was tracked with 
radar to obtain the directional and altitude tracks illustrated in Appendix F. 
The tetroon was observed to follow the l,agrangianl trajectory of the air  along a 
constant density surface. The avcrage altiiude of the density surface chosen for 
the tetroon flights at KSC was 609 m (2000 ft), and it wag assumed that the 
tetroon expanded between 2 b 3 percent of the designed volume. 

The data contained in this report cover a time period that is sufficient 
for most anticipatctl meteorological analyscs. The chronology of the data 
relative to the time of launch is given in Figure 4. In most studies data within 
1.5 hours of launch time ( 1004 EDT, 20 May) are  sufficient. To facilitate 
retrieval of these data, an index is provided in Table 2 which gives the page 
number of data obtained within 1.5 hours of launch. It is  understood that for 

'For practical applications the raw insonde, windsonde, and Jimsphere data are 
treated ns Eulerian: and the ktroon data can be treated a s  Lagrangian. 
4 
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Figure 4. kh chrronolog].. 



TABLE 2. METEOROLOGICAL DATA OBTAINED WITHIN 
1.5 HOURS OF T-0 ( 1004 EDT, 20 MAY 1975) 

TIME DATA TYPE PAGE 

T-1 hr ,  19 min (0845 EDT) I 
4 9 

T- 7 min (0957 EDT) Surface Observation 1 17 
P 

T- C ( 1004 EM')  Surface Observation 2 17 
h 

T t  1 min ( 1005 EDT) R awinsonde 27 

T t  52 min (1059 EDT) Surface Observation 17 

T + l  h r ,  3 m i n  (1107 EDT) Tetroon Track 4 5 

T + l  h r ,  36 min ( 1130 EDT) . 49 

a 
Tower data at 15-min intervals during the indicated period 

b ~ o w e r s :  106, 110, 303, 308, 311, 313, 403, 412, 509, 714, and 803 



dynamic situations, such a s  the onset of a sea breeze or  the passage of a front 
within 1.5 hours of launch, the selection would have to be narrowed to a more 
appropriate period. 

Ill. LAUNCH CONDITIONS 

At launch the KSC meteorological station reported a clear sky, a visi- 
bility of 10 miles, a wind direction of 300°, and wind speed a t  4 knots. The 
wind direction and speed a t  T-4 minutes were 320' and 5 knots, respectively, 
a t  the 62-m (204-ft) level of Tower 110 located in the vicinity of Launch 
Complex 40. The wind aloft a t  2.05 km (6730 f t )  , near the observed altitude 
of exhaust clcud stabilization (- 2 km) , was 15' a t  9 knots. 
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. . 2720 . 49 1 20.3 12.9 923.74 308 
7817 15 13 10.1 1.8 769.36 243 

. ~ ~ r o  20 15 7.7 0i3.9 720.11 209 
1 1 ~ 6  20 16 5.5 -11.1 674.24 200 

--.I3125 -. 25 - 14 - -  3.4 -11.3 - 632.07 180 
13919 20 13 1.9 -32.0 615.80 1 7 6  

. . 14613- -- 15 13 . . .4 99.9 537.56 169 
16164 15 IS -1.1 99.9 563.33 161 



APPENCIX D 

W INDSONDE DATA 



AL11 TUOE 
FEET 

16 
1090 
2000 
3000 

-- .. 4000 
Soao 

.. . 6000 
1000 

- .. eon0 
9ono 

.- 1OUJO 
llano 

- 120n0 
I w n o  

.. 14030 
15300 

.,- 16000 
17000 

. I ~ O C O  
19000 

. 20000 

sttun 
/SEC OIR 
- -  ... - 

0 0 
,004 234 
,009 a 
,006 35? 
,902 01 
a005 114 
,003 119 
a005 14) 
,013 275 
a014 30T 
a005 . 309 
a003 157 
,003 61 
a004 326 
.on4 . 9 
a003 77 
-003 - 35 
a000 233 
.003 187 
.002 2 Z f  
,002 135 

.- o o s i t  - 20 WAY 1975 - - . - . - . . - .- . . 
ASCENT NBRa 0336 



APPENDIX E 

J IMS PHERE DATA 



TEST NBR 7 4 1 5  
JIUSPHERE WIND DATA 
C I P E  Cf iN IVERAL AFSI F L A .  
0 1 5 7 2  2 0  HRY 1 9 7 3  
A L T I T U D E  D I R  SPEED 

F E E T  DEC KTS 
1 6  8 0 . 0  2 . 0 0  

50 0  5 2 . 0  8 . 0 0  
1 0 0 0  1 1 1 . 8  6 . 3 4  
1 5 0 0  1 7 . 2  7 . 2 2  
2 0 0 0  1 3 . 4  9 . 4 1  
2 SO 0  1 9 . 5  3 . 9 2  
3 0 0 0  3 5 9 . 6  4 . 5 6  
3  50 0  3 4 2 . 9  6 . 4 5  
4  00 0  3 3 9 . 0  8 . 5 3  
4 5 0 0  3 3 3 . 6  1 1 . 9 0  
5 0 0 0  3 1 5 . 9  1 1 . 5 5  
5 5 0 0  3 2 2 . 0  1 2 . 3 2  
6  00 0  3 2 3 . 2  1 2 . 3 7  
6 5 0 0  3 3 0 . 5  1 3 . 2 0  
7 0 0 0  3 5 4 . 9  1 4 . 2 1  
7 3 0 0  1 0 . 5  1 6 . 0 7  
0 0 0 0  3 4 6 . 2  1 5 . 4 5  
8 5 0 0  3 4 0 . 4  1 3 . 6 8  
9 0 0 0  3 2 3 . 9  1 6 . 8 2  
9 5 0 0  3 3 0 . 6  1 4 . 0 9  

1 0 0 6 0  3 3 6 . 3  1 5 . 3 4  
1 0 5 0 0  3 3 7 . 5  1 8 . 7 7  
1 1 0 0 0  3 3 2 . 2  1 7 . 4 1  
A 1 5 0 0  3 3 6 . 1  2 0 . 7 2  
1 2 0 0 0  3 4 0 . 8  2 1 . 8 5  
1 2 5 0 0  3 3 4 . 8  1 8 . 7 1  
1 3 0 0 0  3 2 5 . 3  15 . 6 9  
1 3 5 0 0  3 1 4 . 3  14 - 0 9  
1 4 0 0 0  3 1 2 . 2  1 4 . 8 0  
1 4 5 0 0  3 1 1 . 0  1 8 . 9 5  
LSOOO 3 1 3 . 9  1 9 . 6 6  
1 5 3 0 0  3 1 1 . 7  2 2 . 6 8  
1 6 0 0 0  3 0 8 . 1  2 2 . 8 0  
1 6 5 0 0  3 0 1 . 2  2 1 . 0 8  
1 7 0 0 0  3 0 7 . 4  2 1 . 9 7  
1 7 5 0 0  3 1 0 . 0  2 2 . 3 2  
f 8 0 0 0  3 0 5 . 9  2 3 . 2 1  
1 0 5 0 0  2 9 9 . 2  2 4 .  37  
1 9 0 0 0  3 0 7 . 0  2 4 . 4 5  

SHEAR 
/SEC 

0  
0  
0  

. 0 3 3 8  

. o e 7 3  

. O i l ?  

. 0 0 7 ?  
. 0 0 8 2  

. 0 0 7 4  

.Oil? 

. @ I 2 2  

. 0 0 5 0  

. 0 0 0 8  

. 0 0 6 2  

.O 199  

. O  167 

. 0 2 3 4  
, 0 0 7 8  
, 0 1 6 7  
. 0 1 0 1  
. 0 0 4 5  
. O i l ?  
.OO73 
. 0 1 2 0  
. 0 0 7 0  
. 0 1 2 8  
. 0 1 4 0  
. O i l 0  
. 0 0 3 0  
. O L I O  
. 0 0 4 0  
, 0 1 0 5  
. 0 0 4 7  
. 0 1 0 8  
. 0 0 8 4  
. 0 0 4 8  
. 0 0 7 4  
. 0 1 0 3  
. 0 1 2 3  

ASCENT 
F P  8 

9 9 . 9 &  
99 .91 ,  
1 6 . 6  
1 8 . 4  
1 7 . 9  
1 7  . o  
1 6 . 3  

1 7 . 1  
1 6 . 3  
1 6 . 6  
1 6 . 5  
1 5 . 5  
1 4 . 7  
1 6 . 9  
1 6  .O 
1 5  . 7  
1 6 . 1  
17 . 7  
1 9 . 1  
1 0 . 3  
I ?  . 4  
17 . O  
1 8 . 6  
1 8 . 6  
1 7 . 9  
1 7 . 1  
l ?  . 5  
1 7 . 1  
1 6  . 5  
1 3 . 6  
1 5  . o  
1 5 . 8  
1 6 . 0  
1 6 . 7  
16 - 6  
1 6 . 3  
1 6 . 6  
1 6 . 7  
1 7 . 5  



TEST NOR 7415 
J IMPHERE WIND DATA 
'CAPE CANAVERAL AFSt FLA.  
02572 20 H A Y  1975 
@ L T I T U O €  D I R  S P E E D  

F E E T  D E C  KTS 
16 80.0 2.00 

500 52.0 a .  00 
1000 97.2 4.91 
1500 29.5 6.63 
2000 21.8 8.17 
2500 15.0 7.52 
3000 352.3 7 . 0 5  
3500 328.0 7.70 
4000 338.6 8.59 
4500 328.0 11.84 
5000 323.1 9.77 
5500 321.0 11.61 
6 00 0 322.6 11.31 
6500 318.6 12.20 
7000 2.8 11.43 
7500 24.9 18.71 
8000 356.3 15.28 
8 50 0 340.5 13.38 
9 00 0 337.6 1 1  - 3 7  
9500 334.9 1 1  .19 
10000 337.6 15.04 
10500 330.1 15.69 
11060 343.5 18.12 
11500 344.4 19.89 
12060 344.7 19.42 
12500 339.9 16.52 
13000 324.8 13 74 
13500 318.3 14.27 
14060 309.9 15.87 
14500 312 0 18.89 
15000 317.8 19. 77 

SHEAR 
/ S E C  

0 
0 
0 

,0223 
.0061 
,0037 
,0099 
,0107 
.a059 
0 126 
.007s 
,0044 
00 14 
,0040 
.0300 
0311 
.0306 
.0090 
.0104 
.0020 
0 132 
,0022 
0099 
.0060 
.0015 
.Oil1 
.0163 
.0056 
,0091 
,0104 
0 0 65 

ASCENT 
FP  S 
99.94 
99.9b 
17.3 
17.6 
17.5 
17.8 
18.4 
18.6 
18.1 
19.1 
18.7 
19.4 
19.1 
17 . O  
16.8 
17.0 
17.0 
16.3 
15.0. 
16.4 
17.6 
17.0 
17.9 
17.6 
17.6 
17.7 
14.9 
15.3 
15.8 
16.7 
15.9 



TEST HBR 7415 
J I!QSPHERE WIND DATA 

CAPE CANAVERAL AFSr  FLA.  
08272 20 NAY 1975 
A L T I T U D E  D I R  S P E E D  SHEfiR 

F E E T  DEC K T S  / S E C  
16 180.0 2.00 0 

500 89.0 2.00 0 
1000 234.3 6.93 0 
i 500 269.7 1 .30 ,0200 
2000 39.5 1.84 .0097 
2 50 0 343.1 7.34 .0221 
3000 330.0 8.11 .0064 
3500 336.8 8.17 ,0032 
4000 352.0 7.64 .0072 
4500 352.3 7.28 .OO 12 
5000 358.7 7.87 ,0036 
5500 20.9 8.53 .0148 
6000 30.1 4.97 .O 125 
6500 22.6 6.04 .0044 
7 00 0 42.6 9.30 .0140 
7500 52.4 10.07 .0062 
8000 337.5 6.75 .0358 
8500 315.3 10.12 .O 156 
9000 326.6 15.45 .O 198 
9500 327.6 14.74 ,0027 

10006 324.5 14.98 .0029 
10500 320.1 14 .57 .0040 
11000 313.6 16.05 .0076 
11500 318.2 15.28 ,0049 
12000 309.5 15 .04 .0077 
12500 321.6 14.68 .O 107 
13000 320 8 16.52 .0061 
13500 321.3 17.41 ,0032 
14000 323.3 18.12 .0032 
14500 332.3 20.78 ,0136 
15000 333.2 20.60 .OO 12 
15500 337.0 19 .54 .0058 
16000 335.4 18.12 ,0052 

ASCENT 
F P  S 
99.9L 
99.94 
16.9 
16.4 
16.1 
17.0 
17.6 
16.7 
17.2 
16.2 
16.7 
I7 .5 
16.5 
17.7 
16.4 
16 ..3 
17 .s 
15.6 
17.6 
15.9 
16 . O  
16 .O 
18.8 
16 ,O 
16 .6 
15.8 
16.1 
16.4 
16.6 
16.6 
16.3 
1s .2 
15.0 



T E S T  NOR 741s 
JIMSPHERE WIIJD DATA 

CAPE C A N A V E R A L  AFS, FLA. 
10572 20 HAY 1975 
A L T I  t U D E  O I R  S P E E D  

F E E T  O E C  K T S  
16 280.0 3.00 

SO 0 264.0 7.00 
1000 262.1 6 -51 
1500 274.9 3.37 
2000 353.3 5.27 
2 50 C 308.6 7.52 
3000 339.1 7.28 
3500 328.5 8.70 
4000 350.8 10. 07 
4500 360.0 8.0s 
SO06 24.4 3.59 
5500 20.2 9.89 
6000 32.0 1 1  .07 
6 50 0 40.2 8.76 
7000 44.6 6.45 
7500 57.4 7.i4 
8000 309.0 9.71 
8500 312.7 14.15 
9000 306.5 17.11 
9 50 0 315.0 17.47 

10000 312.5 16.76 
10506 313.7 16.03 
11000 312.8 17.23 
11500 315.2 17.17 
12000 314.9 17.11 
12500 309.5 18.47 
1 3000 317.7 18.93 
13500 325.1 18.95 
14000 335.2 20.78 
14500 336.7 18.89 
15000 337.9 19.07 
15500 332.9 18.83 
16000 339 3 19 36 
16500 337 3 19.24 
17000 336.7 21 20 
17500 332 2 16.64 

SHEAR 
I S E C  

0 
0 
0 

.0113 

.0190 

.0181 

.0133 

.0069 

.GI32 

.0084 

.0136 

.002S 

.0082 
,0092 
,0079 
,0066 
.0479 
.0151 
.0116 
. ooqs 
.00;4 
,0027 
.a042 
,0024 
.0004 
.007l 
.0093 
.0082 
. O  133 
.0067 
.0014 
,0056 
.0073 
,0023 
,0066 
.0159 

A S C E N T  
FPS 
"3.9L 
99.9L 
17 - 0  
17.4 
17.1 
17.2 
16.3 
17.3 
17 . O  
17.3 
16.1 
17.3 
18 . S  
l7 .S 
16.6 
15.6 
17 . S  
13.9 
16.7 
16.4 
16.3 
17.1 
17 . 3  
16.5 
16 .6 
16.9 
16.2 
16.7 
17 0 
17.1 
16 .S 
16.9 
16 . 9  
17.2 
16.2 
17.2 



APPENDIX F 

TETROON TRACKS 

PI.. 



DIRECTIONAL T RACK 

CONTINENTAL SHELF 

N O R T H  - 
I/ 

/ \ 
55 MINUTES 

/ AFTER 
RELEASE 

ALTlT UDE TRACK 

- ! A N D  

SEA - 

1 

15 50 45 w 
TWhE AFTER R f  LEASE Irn~nl 

KSC TETnOON DI&ECTIONAL A N D  ALTITUDE TRACKS 
RELEASE DATE 1 9 M A V  1915 
TIME. 1007 E D 1  I0637 ZI 

7 23 HA. 57 M I N  



DIRECTIONAL I HACK 

NORTH - 
PAD 40 

BANANA RIVER 

"1 ALTITUDE TRACK 

0 ! I I I I 1 
15 30 45 60 67.5 

TIME AFTER RELEASE (nm) 

KSC TETROON DIRECTIONAL A?!D ALTITUDE TRACKS 
RELEASE DATE. 20 MAY 1975 
TIME, 0135 EDT (0535 Z) 

T 8 Hr.. 29 M I N  



DIRECTIONAL TRACK 

4-, NORTH 

PAD 40 

ALTITUDE TRACK 

LAND 

LAND - 



DIRECTIONAL TRACK 

9 
/ 

43 M I N U l  ES 
AFTER 
RELEASE 

CONTINENTAL 
SHELF 

18 MlNllTFP 

1 -- 
METEOROLOGICAL 

ALTITUDE TRACK 

TIME AF TEll l lELt ASE (mull 

KSC TF r R 0 0 N  DIRECTIONAL AND ALTlTlJDE TRACKS 
RE1 EASE D A T E  70 MAV 1815 
TIME 1107 €or 11501 i!) 

T 4 l H R . 3 M I N  



APPENDIX G 

TOWER DATA 



Symbols and Units Used in 
Computer Printout 

Tower Data 

Symbol 

DIR 

Definition Units 

Degrees measured clockwise 
from north (00) 

Wind Direction 

DIR DEV Standard Deviation 
of Wind Azimuth Angle 
for Specified Data 
Sampling interval 

Degrees 

Deg. Farenheit (OF) 

Knots 

DP 

GST 

Dew Point 

Highest wind speed 
during specified 
data sampling 
interval 

Data Sampling 
Interval 

Minutes 

OF Lapse Rate Temperature Difference 
between the 54' and 6' 
levels 

RH 

SPD 

Relative Humidity Percent 

Knots 

OF 

Miles 

Wind Speed 

TT 

5 PPM 

Temperature 

Downwind distance at which 
the ground level pollutant 
concentration is 5 parts 
per million (5 PPM) for 
an assumed ground level 
emission rate of 1,000 
pounds per minute. 

Downwind distance at which 
the ground level pollutant 
concentration is 10 parts 
per million (10 PPM) for 
an assumed ground level 
emission rate ol' 1,000 
pounds per minute. 

10 PPM 

Missing Data 
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APPENDIX ).I 

CALCULATION OF THERMODYNAMIC VARIABLES 
FROM RAW I N  SONDE DATA 



The cqun ( ; ions  used for c n l c u l  a t  i o n  of thermoclynitmic 
v a r i a b l e s  from measureme~lts of n l t i  t u t l e ,  t empcv t l tu rc  and 
r e l a t i v e  h u m i d i t y  o b t a i n e d  from t h e  GMD-4, AMQ-9 r a w i n s o n d e  
s y s t e m  are surnmariac.d h e r e i n ;  t h e s e  e q u a t i o n s ,  o r i g i n a l l y  
d e v e l o p e d  for t h e  GMD-1 s y s t e m  ( R e f .  I ) ,  nust bc usad i n  
c o n j u n c t i o n  w i t h  t h e  list of symbols  and u n i t s  p r o v i d e d  a t  
t h e  e1.d of t h i s  a p p e n d i x .  

Atmospher ic  D e n s i t y ,  p 

Pressure, P 

' ( h - h f ) / ( 2 2 1 . 2 6 6  Tvm) P = P 10- 

Geopo ten t i a  1 Ile igll t , 11 

V i r t u a l  Tcrnporat,uro, T, 

hlcan V i r t u : t l  T o m p c r a t u r c ,  T,,, s 

Vapor P r e s s u r e ,  e 



Dew Point Temperature, td 

Potential Temperature, q._ 

Absol \I tc Humid i t y , p, 

Microwave Refractive Index, n 

+ 374~08e)] - 10-6 
T 

For data  tabulation, use: 

Speed o f  Sound, Vs 



LIST OF SYMBOLS AND UNITS 

vapor pressure 

relative humidity expressed 
as .a decimal 

acceleration of gravity at 
geographical location of the 
rawinsonde station 

goopotential height a t  the top 
of the layer bounded by h and ht 

geopotenlial hcight :~t the 
bottom of the layer bounded 
by h and h '  

geometric altitude nt the top 
of the layer bounded by 11 and H' 

Geometric a1 titude at the 
bottom of the layer bounded 
by B and H' 

microwave refractive index 

unit of refractive index used for 
simplification of da+a tabulation 

pressure at geopotential height h 

pressure at gcopotential height h '  

radius of the earth 

temperature 

dew point temperature 

virtual tetnpcrn1;uro at; 
geopotcntinl height h 

millibars (mb) 

feet (ft) 

(it) 

(It) 

(ft) 

(mb) 

(mb) 

(ft) 

degrees Cclsius (OC) 

dcgrees Kelvin (OK) 

(OW 

(OK) 



Tv ' virtual temperature at goopotent ia l  (OK) 
height h '  

vm the mean virtual temperature of 
layer bounded by h and h' 

(OK) 

vs speed of sound 

P atmospheric density 

knots 

Pw absolute humidity ( m / m 3  

0 potential temperature (OK,) 

OV virtual potential temperature (OK) 

REFERENCE 
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Division, Patrick Air Force Base, Florida, 10 May 1962. 
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